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(54) COMPOUND SEMICONDUCTOR ELEMENT 

(57) Abstract: 

PURPOSE: To accomplish high efficiency of a 
semiconductor element by providing a cubic crystal SiC 
substrate and a Ga^l^n^^N (0^x^1, 0^y^1) layer. 

CONSTITUTION: A GaN buffer layer 2 of 1nm in 
thickness, a clad layer 3 consisting of p-GaAIInN of 1nm 
in thickness, a light-emitting layer 4 consisting of 
undoped GaAIInN of 0.1 ^m in thickness, are formed 
successively on a 3C-SiC substrate 1, and a 
semiconductor layer is composed of the above-mentioned 
layers. As the clad layer 5, consisted of final GaAIInN, 
is formed in N-type in this semiconductor laser, the 
taking-in of hydrogen into the p-GaAMnN clad layer 3 
can be prevented, and a low resistance p-GaAIInN clad 
layer 3 can be formed. As a result, a high brightness 
short wavelength light-emitting element can be obtained. 
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^♦rSft^llJiNSflcSWt*^ C4Jt»T. uMS i C 
S«C9 (111) S±l:Ga, A], I n,.,. y N (0 
Sx^l, O^y^l) B«. £££*#l*rrsttAS;ftt 
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S«CO (111) ffi-tlZMf&ZtircG a s A l y I n 
j- x _ y N (O^x^l, O^y^l) g^^ftfif-r^C 

2 ] itiISG a, A l y In ,. x . y N^co^m 
SttpKT*9, ££>G a x A 1 y I n,. s . y NfCD± 
\Z, nSGa^l, In hry Ni«U5ntl^ 

[fflt^JS 3 ] StrfEG a, A l y In Ni^St 
SfJpItftO, C(75A 1 x G a,_ x . y I n y NdCD_k , 
iC, Ga» A l y I n,_ x - y NSSffnlGa, A 1 y 

i n,. x . y Nm&m&f&ffcztiT^zmMm i \z&.mv> 

[W*JR4] C^XKJilcraiftSftfcGa, 
A I y I n,_ s _ y N (O^x^l, O^y^l) H££ 
ftlfHGa x Al y I n H . y NicoSffi^^ 

6 ] iKME*fi<0, FftfEG a x A 1 y In 
,. x . y NJB#«/«<*ft£ffiteS i ffiT*SM*3S5 fCfE 

±fCi£#§H,?)G a x A 1 y I n,. x . y Nfr*>f&2>rty7 

y m -Amis, sftt^tswat-rs m&m a ke* <r>\ t 

iiCJg^ftfcpSGa, Al y In H . y N (O^x 
^ 1, O^y^l) Hi, C(£>pliGa x Al y In 
i-x-y N (O^x^l, O^y^l) m±\ZMtiL£tlfz- 
nSG a x A 1 y I n ,. x . y N (O^x^ 1 , O^y^ 

9 ] KrE p £ «Mttt£«tt pSS i c^sa 
£St;£J|! 8 fcEfcofL^a^W**^. 
[«f#* 10] ffirE p S«*ttS«cofiE pSGa, 
A l y I n hI . y NitttSSIBWBlStfnaGa, 
A l y I n,. x - y NH±«C— *KO«a*«»fiR$tlTl^ 
it**! 8 KEfc^ft^tt****^ 

[0 0 0 1] 
[0 0 0 2] 



0, L^fe<^>tt^#^yc56UTtc^TilOt&^^ 

HS^t^-ri^^-fc j (S}gtr[copas^^#^n(c< 

xtf^*v-v;i/jSfi^-a:fci:$tt, xfcf IB 

[0 0 0 3] IP^> UfJcfcO, «A«GaN*«3t». 
G a A 1 N&Z^y KB^-T* y^KfDi U-if tit 

[0 0 0 4] ^77Fl^)tiMtU7 
ffi^tfccfcfttf. flIAtf, GaAlNtGaNftt # fl)aft 
«3t»lc«?iiEdFL*j»*a<Hi;a»-5 

[0 0 0 5] ft#WK* GaNH {M^_h, ft^fi-S" 
ityr-fTtGaNiiftaadii^oA, *ft 

[0 0 0 6] HSftdt*ffii:LTaffixt;^*-> 
■WUfifcfiffi (VPES) *</8^6ft£»&tCtt, 100 

^HSfi^fiffi (MOCVDffi) mfo±iZ&M 

^\ fi!EfiLtGaNOXtiJffittl£<, fomtLTM 
&&<DiKffiififttELT^Z>. MOCVDjfifii:fe^Tfc 
J»««fi*«K* 6 ft fc**tf L 5 fc«**if*: ITl^k 

[0 0 0 7] pM^fi^fifei^P-ISfCMbT^, 
gjfi, GaNtzW^fcf-ASBHWLfcO, ^S14HH» 
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[0 0 0 8] Hie, ^«G>b?HJi**#'&ftTt>, «« 
[0 0 0 9] 

[RW**JB»L,fcS£T3«BB] C^cfc^tc, GaN 
0)fpj«lcafcoT, GaN*ffc^*JI*»<|£ft£tf-5 

[0 0 10] **SS©IBH iSffiSf^Ga, A l y I 
[0 0 11] 

Sfc^BS i CSSt, CGD&^fUS i CS^co (1 1 
1 ) IllCM^n^Ga, A 1 y I n,. x . y N (0^ 

[0 0 12] £fc, *58W (HI2&B4) tt, S«t, d 
(OS^KJKfiKSft&Ga, A 1 y I n,. ry N (0^ 
xSl, O^y^l) JP<h*ftflfU BfJEGa x AI y 

i n,. ( . y NHcoas«h*rrBi"rs«iis^NffiT&s.^ 

[0 0 13] Ht. *58W (»*1S8) tt, pS#*tt 
36*<2=. dOpSWMttStRiJcJBriEStifcpSGa,. 

A 1 y I n,. ry N (0^x^ 1 , O^y^l) mt, 
Z.<DpMG a t A \ y I n,. x . y N (O^x^l, 0^ 
y^ 1) m±\ZBl$t2fttZnMG a x A l y I n hx . y 
N (OSxil, O^y^l) JB££J«rr* 

[0 0 14] 

rtEfiT^^aWttaS^mtUanT^tt^GaA 1 I n 
[00 15] L^U **W#SOW3£fCcfcfttf, Ga 



^>ft* (oooi) s (cffl) -cx>&m&\z\*ft\zgm 

[0 0 16] 6H-S i CteiefiWifidtGaNtHUA 

.hfCGaNJiSrriEfiS-a-^^t^H^eftTlr^. 

U 6H-S i C±fC^fiLfcGaN-H^HS«. -£-ft 

KifM^Lfc^ofc. dfttt, 6H-S i C£GaN(0 

i Ctt>i^It^^ 3C-SiC© (111) ffi^sp 
ff ^|Bltc43frtSSUg?B t G a N(0 a WtCW^rpIfC 

[00 17] 01l:GaN(i:3C-S i CcDjUS (T) 
^Jf-r^tt^ffift^Sft: (da) 

i o or^ifi^T-coM 
«ae»ii{3j;sstto. oouamo, 3c-s 

[0 0 18] 3C-SiCH £^HT&9, ft 

ftSfcO. 4 3 6 nm^^ t (1 1 1) ITO 
ftfffl^EittO. 3 0 8 nmT*0, GaN«^ 
$C*Tr£>-5 0. 3 18 nmtiSK f Ct*3C-S i C CO 

(111) IlCGaN^fi^^Cii^^D, 

[0 0 19] Sffi<i:xt)B<h<7)j!ftlB5BSItcJ:SS 
**pJflEifc:£. SIC. dOXfcfHSrffl^/tiStttEO^* 

[0020] ^hz, zv&oteiivm&m^Ty 

»Sfc*fctt^< tt> 1 Mm©IWMSt*S. d 
ftlCjfcfU 3C-S i CS1SCO (1 1 1) g±CGaN 
fr%f£&mT&ftJ&-fZ>Zh\ZJ:0. ^tU7^D^ 

GaNiAl, IniWfiftt), G a N <h|^«CO^{t#I 
[0 0 2 1 ] *^Tffll^n^GaN, Al 

n, inN^^m -vmit&mz. v)\,ym<D&ikm 
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isswu aft, «fi/£fiB£&* (iooo) sicfe 

III «7C**«ttRt*E-rSAai:Vlfc7C**«ttH*3: 
KT*BB<0 2SScoB^£j&**<5. eoBBIfc 
tC^n«, G a A 1 InNIt tiZ&-fift\Zit LXm^M 

o&tti^^*B±TRfc*&», tttt<0is»a««£ 

Jia/fLfc. S^T, ^<£5&&*?&G a A 1 I nN 

[0 0 2 2] ££T±j&OJ;-5&3C- S i CSSfil:: 
^2 (a) , (b) (C^-T ct^iC, S i C 
ttS i ffiiCSf^OKaU^Ui**^, GaNte, Ga^ 
S i {I*fJfcU N^C(C*rjET5. fct, S i CS« 
<DS i BtCBBcONM^&faU fifcfiBJ&<AB<t£:£ 
cfc^tCGaAl I nN£j£fi3tt5Cl£rt*#3;L^. C 

[0 0 2 3] 1t:7 7*f 7S«±l;:GaN*#«& 

ffl#7>*-7*fiEflrr£^ fi3tfiffl«T*5 10 0 0 
JBfiE$nT1t7r-f ^S««ffi^Bffii:«i:-5fca«>, Ga 

tfiiSH rtfiB#BBT. NH^affltCTStttB 
tt^Ttt«c<, ritfiH^ABTIII »l7t:*^Sffi(CT 
t£oT, 1t77<7Sfi±i:Ga 

S^i±, &#fcpn»^*»*fc«>K:tt, «AOHtt& 
[0 0 2 4] *:7r<7«<&#«te*«±l;:G 

SmJCKaBPLfc^frJcttAffi^rtfiBtttoT, III M 
7u«#«fflJC»3Bfb&i#JCttBffi^riE«ffit&*. fit 
oT, ±i£0<t^(C, JdJfiBSABfrfcKtt. III ft 

lSiS^:7 0 0t:JWT, ff^L<«6 0 orJWTtCl^ 



[0 0 2 5] #5S9!tc*3^T, ±&{D«tefM»<Dfc#co 
tflnN, GalnN, Al I nN, G a A 1 I nNS 

zm^rzm^. 6 o or^Tcoe^-r^iSSMco^^s 
(a) , (b) fciu ■s-7 7<^a«±^«aj«fiLfcffi 

^^n^ilO, S«±t3it^GaN$:^S$1±^<h, fig 
fiB**BB<!:fcD, — A777i^LTGaN$ 

[0 0 2 6] ±iROJ:5JC*5EWett, 
Ga, A l y I n,. x . y NOX fcfB*j£fi2ffnHC*fl,T 

oT, (Effi^S***fKBW^«^L, fg^Pf&cDG a, A 
I,.,., I n y N»fl<0j**3&«?IiEi:«:r), ^tlfifflu 
fcp n»^*#r*fl:^«l*SM*:* : f : (OWttffi{t&H-& 

[0 0 2 7] fefc, ^^TCCOct^T^p n^^^t6 

h(DX$>^Xh<i:^z.^m>o^Xht^^ $zft* #5£ 
K(C*5^T, fiEfiTSJBao«tttt, RBS 

[0 0 2 8] ^SEM^ct^^ft^*^***^ 

p^f-/^> hojgtt{t***tf«:ttn«*e)r, sit 

MOCVD^gl/cGaN^SIMS^l^tC 

[0029] «ift4>i3»coi^sns^tt»tt, 

so7?t4tt<> ricfi»©?&ajaafc*3i^T*3 3 btc*B^ 
we^K&ofc. tot, »anfte-cpauit7k**<i[ 

[0 0 3 0] ?&aiiae7?pS)B**7K*tcSe>Sn^i:^J: 

ptc-r-s^ffiiLTfiso^Asn*. mam:, —» 

;&g£-ti*T, *aiiaST?pfflB^*SI^*?>*n^i*«fc 
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[0 0 3 1] &*3, GaNOpS14S§fc*l: 

tiM g ssarr***, se*m g 

[0 0 3 2] tZZifi* *»8B*S<Z)»5ltJ:ntf, M 
g ttSJpo^ffilc J: 0 MWttct: < *»ir -5 C t pJUBT 

[0033] ftttWKtt, paii*j«*a*-5«rK:Ay 

SGaAl I nNiMS^t, -E-0>»* SiSK-^ 
LfcnfiGaAl I nNf^l$^ 0 cntC^O. 

»aiiiasTps»^**f3*^$n>s:^^fc*, (gjaeto 

pSGaAl I nNm<Df$L&&*S&iz&Z. 
[0 0 3 4] ^66l»S^MgM^^#t^LTi5< 

(D^&wmm&zmxmmv) 1 / 2 erFfcsjw 

dtJCctO, ffi«tf<7>p^JfTpn&^£^/£T3C<h 

[0035] a±H«Lfta*n:t), fisn«)pii« 

9 0 0 "CJBlTOfiffiTftt^ < , 7 0 0 *C£tTTtt&t£ 

««tti**. ps»ojstt*±#a****iK : F' 

<£>*gAte, 8 0 OX^T^SfclSO, 7 0 0 < CJ£TFTte 
ftoT, fi!cgfiKa><S>, 9 0 0-7 0 01; 



[0 0 3 6] Cco^ffite, »«iaiC«kO***(||Rs'lt 

[0 0 3 7] JW±<7)cJ:^tC, /£g#*7&(Z>#a]®g£, 

tB*. &JfitrLTiBiBK<0pS!Ga InAl NB<Z>j£fij&* 

[0 0 3 8] &\Z* ±i^cfc-5&<£Jfigi 
<DpSl»4:««<!:©3>^ h«St#*fi«-r^<ttS 

[0 0 3 9] T&to^ GaNH it? 7< irS 

it 7 T-f irg« CD JttCnMG aNi, plGa 

G aN)BfC«aiH*»J*L, nSGaNlMC/pSG 
aNJB±fC««£»i£l,T^fc. Lt^U tfii£<0J;5 

i^taOpSlGaNJH€:«±«tCBfi!c"r-5c:t^H 
§ST£3Cch£#JiT£><>:, it^7<ir*«^)±tCpS 
GaNi, nSG a NB<BIHfc/5!tg<Sl*\ pgGaNi 
SC«fflffi£»/£U piGaNiironSGaNii 
K««£»j£^*£<ta*#*Sn*. L^SfC, pIG 
aNittnSG aNm<kQ\Z*frlZlfi&&m^fZ&* € 
»W* pSiG a NB*Blffirt^rRlfC8IEn* C0)«fc -5^:«jt 
Tte* «SfE*^pSGaN)B«r8fEnSJ|gK^fi<, 

Sfc, ^■Tnt)«ift^45^T ! bpffiGaNtt, 
[0 0 4 0] CtliCttU #§8i»-Ctt, t^yf irS1£ 

o>ftfcotps#*tt»«*«^, c^ps«aits« 

_hlCp^GaN8, nSIGaNII<OIHlCj««S-fr*:*^ 

tana**, r&^ts, zoim^mmz^ntt. n$tm 

■5*., *lCpS»«tt*tB«)*ffiJhatfnSGaNJI± 
*^pffi»7?*8(E)WlR»*rftt»oT«ft-5fc«&, ^co 
[0 04 1] 

[0 0 4 2] H4I1 **M<0-*«5«^«**##U 
-if<0SH6flMEElT*£. 3C-S iCSfiliC, 1 
//m«WS©GaN/ty77i (7>H-^) 2, 1 /z 
mOJ?2cDp -G a A 1 I nNi^ft5^77 KB 3 
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(MgH-^ ixi0 l6 -ixi0' s cm- 3 t(!:^lj: 
lxiO !7 cnr 3 ) * 0. 1 um<Dm2<DT> K — ^G 
aAl InN^b^3tl4, ^Um^S^cOn 
— G a A 1 InN*5ft§*7^HB5 (7>F — 7* 
SliliS i H-^, lxi0 16 -lX10 ls cm- 3 f;t 
xBlxiO l7 cm" 3 ) **«*«J5£2ftT;fc9. *ntc 

[0 0 4 3] ^<7)^#*U— tfTtt, MOGaAl I 

G a A 1 I nN^e>^?77 KB 3^0>zkIlia>BtD& 
^£f»ltT£C£^T^ ffiSfitcOp-Ga A 1 InN 

[0 0 4 4] pSM'n^GaA I I nNj&^ft 

5^77Fi3, 5*1 um<Dm2\ZMf$.LT^Z>tz 

[0 0 4 5] ft\z. B4K:*T¥»#U— if£»itt"T* 

fc«xcsfflsnsiBftfiRfi^ffi(c^u>TiJiwrs. ^5 

tt, H4(C^*»*U—1f*«ifi-r5fca6tCffifl|L/!: 
^S^H*^-r«E»&«^iaT^^ 0 H 5 K*Tj5Kfi£B 
icfct^T, SlCBl 1 rtfCtetfX^AP 1 2^^Mls|.g 
^»^^»ASns. fit, SI6»1 lf*3<0#Xte# 

1 3a>sj*M;sn*. sic«i iwtctt, #- 

#>M<Wiz-7* 1 4*«EKSnT45 0, 1 5 

tid^it-t^ 1 4±(c«B*ns. it-fe^l 

[0046] sr, (ill) ffi^m^s i cis^ 
»as«i stLT-y-b^ i 4±jc*«-rs. #x#a 

f 1 2*^Sf«K****»l h;KO»«T#A. 
U Rfcflfl lrtO*ft*B*r*. 3fc^T, tfXSEM 
P 1 3£n-*U-#>:/fcSMUT, Rjfctfllrt* 

SE&bTSJEtCU WSPOJE^*2 0-3 0 0 t o r r 

[0 0 4 7] SMS^4 5 0-9 0 0tCi 

5£L&», NJSCfftLT^NHj Xxtizblz* 

ba i ft^ft, tts^iGa^ft, I n 

ffc£»«#AU *tr& 3. ft*. ^TtS&SA 

Ut^ttiLTtt, ^JAtfA 1 (CHj) jfflJAl 
(C 2 H 5 ) 3 , *«*JBGa<t^«tLTtt, «*tf 

Ga (CH 3 ) 3 $jfcteG a (C 2 H 5 ) , , 
I nft^tttLTtt* n (CH 3 ) 3 Xtt I n 

(C 2 H 5 ) 3 , NS»tLTH NH 3 #X<7)fte(C, 

#J*_tfN 2 H 4 , CH 32 N 3 , (CH 3 ) 2 NH 2 , 

C 2 H 5 N 3 £/fH>£Cl£#tb5fc£o 
[0 0 4 8] C<£>£#, H-fcf>* r *ff5»^tttH- 

Ttt, nSffl£LTS i H 4 <Z)J;3fcS i **{Ltt. S 



i (CH,) 4 Ocfc^ftWttlftJRS ift^tt. H 2 Se 
<B<£5£S e**{t«K Se (CH 3 ) 2 <Z>«J;-5&#« 

A) , MCp 2 Mg (tf-JH/'rn'O&itjL- 

, i-PrCpjMg MV^otfjl/y^n 

£r#K Zn (CH 3 ) , 0£3ft#«&«Znft£** 

[0 0 4 9] Jt^MfCte, H4^*f 
ifitctt, ^tlTNH 3 * 1 x l 0" 3 mo 1 /m i 
n, G a (C 2 H 5 ) 3 £ 1 X 1 0* 5 mo 1 /m i n. 
In (CH 3 ) 3 * 1 x l 0" 6 mo 1 /m in, Al 

(CH S ) 3*1X1 0~ 6 mo 1 /m i n ^^fiT#A 
LTSS^firofc, Sfii«[J7 0 Ot, JE£lte7 5 t 

0 r r , JSC*** A<8l88!EBte 1 U y bJl/m in<hl 
re. h-zOhilTH nSH-/0 b\ZS i , p^ 
K— A> b\ZM s&m^tc. Silii/7> (SiH 4 ) 

Mg^>^D^>^yXrjl/7^y^ (Cp 2 
Mg) ■«r-t*l-€ r nK»^/XfcjBA'r-6CifcJ:0 K-:/ 

Lit. 

[0 0 5 0] CC0<fc-5(CLT#e»n&¥#ftU— If-^X 
A«r^€rBBLT*t6»fi3 0 0/im£Ol/-fif^M 
"iBM*:a*aST/i;i/^11 1 0 0 m s e c <D 

[0 0 5 1] *HJ6«lC43l^Ttt. A'777iilTG 
aNSffiW, pSGaAIN, X^pSGaAl I 

[0 0 5 2] H6tt*55MO(|fiOj|]S|«JC«-SLED<0 
«KMiT^5, 3C-S i CSK2 1 JitCp-Ga 
NAy77» (10am) 22, p-Ga I nAINi 

(2m m) 23, n-GalnAIN (2m m) 124 

[0 0 5 3] H6fC*fLEDtt, M 5 te^f/SS^M 

[0 0 5 4] H7H £<7)igj&WC<££LED^;/:/3 

1 £\ U>X**fcfc»lI^r-X 3 2 iC«66&^£t^ 

#H8«P^3 3«rt«U — h\ 3 4tt*H»iJ-h # 

LEDIC^T, «5mc d©»fe«Jtt*«iiB*nfc. 

[0055] H8«, *mmm<nmmm\z%z>¥m>fc 

tf©«*«j«BIT*4. 3C-SiCS1S4 1±(: 
GaN/\'7 7 7l (7>F-7 P ) 4 2*ltfm^)ilSl: 
*©li:n-GaAl InN^b/^^77 
KI4 3 (7>H-y»SMJSi H-^ 1 x 1 0 16 
-lxi 0 19 cnr 3 #JxJ£l x 1 0 l7 cm" J ) i*Um 
<D&Z\ZB!$.£tl, f^)±f:7>H-yGaAl InN 
3&^ft5a)ti4 4**0. 1 Mm^i5^tC^/$$n, H 
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(C-eco±tCp-Ga A 1 I nN^6^^77 K14 5 
(MgF-^ lxiO !6 -lxiO' 9 cm- 3 PJ^^l 
x 1 0 I7 cnv 3 ) **1 MmOff^lc^JSRSJVC^-S. 0 
#fl8WF^4 6tt, S i 0 2 mSfeHltll. 4 

7,48 tt^jumas-en-en^f. 

[0 0 5 6] tfTtt, GaNA-v7 7l 

^iMT, ?77KBT*5pSRtfnaGaAl In 

■tfTtt, p-GaAl InNl^lCnSGaAl In 

0, p-Ga A 1 I nNm^<D7S<im<Dm0&2h$:$5±-? 
SC^tf, ttia^)p-GaAl I nNl^M^ 

[0 0 5 7] H9lt *^0^O^(CffiOHJS^J(C^^^ 
tf<B«*fllj*IH"?**. (Ill) ®Wc3 
C-S i CS1S5 l±CGaNA777l5 2 (7>K 
-y) ^UmOf$l3ric$n, -^c7)±lcp-GaA 
i InN^^,^^77FI5 3 (MgH-^ 1X1 
0 16 - 1 x l 0 19 cnr 3 £:<hxJ£l x l 0 17 cnr 3 ) ^ 
1 um<Dm^\ZBfHL^n, J £<D±:\Z7> F — a A i 
I nN^fcfcSSfetJBS 4**0. 1 um<Dm2\Z&f$i2 
ft, -£-C0_LlC n — G a A 1 I nN^^^^77 KH5 
5 (7>H-^^^(iSi F-y, 1X10 16 -1X 
1 O l9 cm- 3 f;iAtfl x 1 0 !7 cnr 3 ) ffl 1 um^/? 
£fCJ#/££ft, f^iiCp-GaAl InN^eftSt 
«EHll:JB5 6, n-Ga A 1 I nN^5&5*t7^l 
5 7a^ft^ftJBj£3ftT^S. #BaW-^5 8, 5 9tt 

[0 0 5 8] CO^«6«{C«*^»ffU"-1f-Ctt, 3C 
-S i CSto (111) B±i:GaNA7 7 7l*» 

d<fca*tti**. Sfc, ^77FlT^pIMniG 
aAl I nN»*l /zm©JSSfC»riEU&fc», 
l?*8!E&»*&<ffiATa£i#itft^tt0, 5S3tJ»* 

[0059] z&nMMiz&z^m&i'— tussle* 

[0 0 6 0] if, (111) iW(Bt3C-S i CS 
SSlHr:/* 1 4±JC*BT<5. »X»Af 12*6S( 
M&zKS^S^l 1»AL EJt>*l lWO*Sl*B« 
-T^o #A»»P 1 3*D — ^U-tf^tZj* 

l*U Stf>« 1 1W£»EU rt»<&BEa£2 0-3 0 
0 t o r r^ieHfCSS-r^o 

[0 0 6 1] *^TSfiII44 5 0- 9 0 O^fC^T 
ttN££tf#«{fc£fcfc<h*.tf (CH 3 ) 2 N 2 H 2 II 



«J0*A*i*t, WtBGaflAttfci^tfGa (CH 
3 ) 3 *3HttG a (C 2 H 5 ) 3 £#ALTfi)tg£fT 
5, H»l:t»AHt&»fttitfAl (CH, ) j* 
£ UttA 1 (C 2 H 5 ) 3 > Wfifc I n{t-&#|fc£*.fc£ I 
n (CH 3 ) 3 to&W* In (C 2 H 5 ) 3 ^#AlT 

a i , i noasim*ff 3o 

[0 0 6 2] K-tf>4f*fr3»^JrttK-h:>^fflR 
tlTS i **ft*fc£x.tf S i H 4 **Wa*r«S i 

ft^tt/ttAfcrs i (ch 3 ) 4 > pSjb£ltw»m 

gffc#ttfc£;Ltf (C 5 H 5 ) 2 Mg, (C 6 H 7 ) 2 
MgfeS^IJtaz nft^ttfctitf Z n (CH,) 2 

[0 0 6 3] ^Wtcti, H9{C^"T¥*ffu— tfo» 
iltcte, gfUltNH 3 Sixi 0" 3 mo 1 /m i 
n, G a (CH 3 ) 3 1 x l 0- 5 mo 1 /m in, A 
1 (CH 3 ) 3 * 1 X 1 0- 6 mo 1 /m in, I n (C 
H, ) 3*1x1 0- fi mo 1 /m i n#ALT^£fi^-tt 
SS^&te lOOOt, JE^ 7 6 t o r r , mUX 

^fc. K— hffl<7>Jfi§m<hbT, S i (CHj) 4 , 

[0 0 6 4] ^m^yKmoymo^n^mmr^m^ 

iCte, 8 0 0 tft^L 8 5 0 , C^ISiT?tt7> ; E-7 

[0 0 6 5] H10H *&w<Di&cD^mm\z&z>¥m> 

»U-if<7>«»«lriEHT*S 0 (111) ffitomfc3C 
-S i CM6 llCGaNA777i (T>K-7 P ) 
6 2£U /zmCOJSS^ffi^fi!t$n, ^CDJi^n -G a A 1 
InN^b^^77F16 3 (T> K — :/&*WiS 
i F-^, ixi0 is -ixi0 l9 cm-^<i:^ix 
10 17 cm" 3 ) #U Mm(D0£tC0tfc£ft, -^JbJCT 
>K-^GaAl InNi^ft5ffitt)l6 4**0. In 
nKDmZlZMf&Ztl, f(^)±}:p-GaAl InN^6 
^^^77F16 5 (MgF-y, 1X10'^1X1 
O^cm-'fc^lxiO^cm- 3 ) 1 umOJPS 

fc«/££ftT^*. m^, #bb«f#6 6, 6 7«^jgm 

[0 0 6 6] CO^jSfi«!l^«S*#<t:U— tfTtt, 3C 
-SICS«±l:GaNn777l*^LT, ?7yF 
IT^^pI^niGaAl I nNI^l/zm(DS$ 
fcHWJL&fctt, «itlB«c*«Eeja*A<ffiAT*^t 

[0 0 6 7] Hllti, *«W<0te<D*JK0JK«*4M* 
«s:U--tfC0«t(B&«^HT^^o (111) I^ffitl/^ 
3 C-S i CSS7 1±IC, GaN;\'7 7 7i (7>K 
-7) 7 2 *« 1 t±mV>mZ\ZMf$.-£tL, -e^±(Cp-G 
a A 1 I nNfr*>fcZ>i7 5y FJS7 3 (Mg F-^ 1 
X10 I6 -1X1 0 19 c nr'fciiAtf 1 X 1 0 l7 c 
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m 3 ) tflum<nm-£\ZBf$.£tl, ^(D ±\Z7 > K-y 
G a A 1 I nN^b^^)ti7 4^0. 1 um<DmZ 
\ZBJ&£tl, Ml:^J:(:n-GaAl InN^^^ 
^777H175 (7>F-y$)^^Si H-/, ix 
10 lfi -ixi 0 19 cnr 3 ££;Lfcf 1 x l 0 !7 crrr 3 ) 
**1 /E*m<Z>JS£f3JgjS3ftT^*>. 7 6, 

7 7tt^JB«a«:*"r. 

[0 0 6 8] Z<D¥mftl—VT*\*, M(?)GaAl I 
nNiSnltLTMfcft, p-GaAl InNi^ 

GaAl I nNE<0«/£**pJteT*5, ^COiSg*, jSff 

[0 0 6 9] Sfc, GaNA'777i^tT, ^ 
HiTSSpSROfnaGaAl I nNl^l/imCOi 

[0 0 7 0] 012 tt*KWOffiO||jSE«^«S^»it: 
U-1*^«M&«/SHT*S. (Ill) ®<£>S iffiCDtB 
Ac 3 C - S i CSS 8 l_tfC\ 1 MmOf^n -G a 
Al InN/t77rl8 2, 1. 5 u m<£>JPc? £) n — G 
aAl I nN^b^^^77HI83, 0. 1 /zmCDfP 
3©7>H-yGaA 1 I n N d> <£> £ 5 58>fcJi 8 4. 
1. 5 um(Dm£(Dp -G a A 1 InNd^65?77 
h*!8 5^M$n, -^<£>JitCn -G a A 1 InN^b 
«CS«SfEHjh)18 6, p-GaAl InN^5ft53> 
5^ hms 7^Bfilt3<W^. H*, #HB«F#8 8. 

[0 0 7 1] tfTtt, 3C 

-S i (111) BtCn-GaA 1 I nNAv 

7 7i^Mitt^/:i6, {sea-rssam^G a A 1 

I nN;t7 7 7iS/Sfi$tSu<!:^Hi*5. ^ 
7yHlT»5paStfnSGaAl InNBSl. 5 

AT£C£^nJf££&0, «Jfc»*<D|p]±SH*C<i:# 

[0 0 7 2] HI 3tt*aW«)ttO«Jfi«JC«S#W#: 

^*v^;i/fiRfi)ioattSJ|iiASfcae>. S i I^ricfiH 
(CUifc6H-S i CSfiSffl^fc. 6H-S iCiS9 
l±fC, lwmOS3<OGaNA77rI (7>K — 
^) 9 ^C0±IC 1 ^mC7)Jl£<Dn -G a 

A 1 I nNi^4S?77 FJB9 3 (Si K — :/) 
fiKSft, ^-CD±iC0. lMmWfSC7>F-^GaA 
1 InN^f)/^%)ti9 4«$n, MK:-t<8±JC 
1 umcr>m2<Dv-GaA 1 I nN^bft§^77 KB 
9 5 (MgK-y) *«»|j!SnT^S. B + * #BHWF*t 



9 6H n-GaAl I n S&*«fl[Hlk)B> 9 

7 , 9 8 tt&smss^n-eniR-r. 

[0 0 7 3] tfTftt, p-^77F|9 

5 0±JCn-*8lCBjh»9 6*«»rit*n, p-^77H 
19 5^«)**©ffi0a**l»lfcUTtr^ e 

[0 0 7 4] B14H *K9BOffio*]SEffil(c:«S*aE 
*U-1fO«l»«flcH"e*S. SiB£Wc6H-Si 
CSfilO l±CGaNA777i (7>K-^) 10 
2^Um(?)lP^{:M^n, JtfCn-Ga A 1 I 
nNA^a5^77h'il0 3 (7>hW»5HttS 
i H-y, lxlO' fi -lxl0 15 cm- 3 f;iMlx 

> H-^G a A 1 I nNfr*>&Z>5&ytm 1 0 4**0. 1 
umOJPS(C«^$n, fO±l:p-GaAl InN^ 
b/ctl»^77FI10 5 (MgH-y, 1X10'«-1 
x 1 0 ,9 c m 3 /c<hAJ;£l x l 0 17 cnr 3 ) 1 umco 
WSlc»«anT^*. B4>. #BB«F**1 0 6. 107 

[0 0 7 5] C<0*jS(g«(c«S#*f*:U--tf-ett. 
yHit?*SpSS«nIGaAl InNi^UmW 

£o 

[0 0 7 6] kfc, WE*Jfi«Ttt, 6H-SiCI« 
S«iriTXfc!^ + ^v;i/»coattcoftiJ»*tf«:-3fc^ 

his. i6, i7ic^c-to cn^commmiz^ 
t^Tte, ^mt>jisa«)«tt*RBSTaiBUfc 8 

[0 0 7 7] B15H 1t7r-f 7»S*flB^fcggJfiffJ 
JC««*»»u--tfo*IIS«rtHT*-6. 
Si 1 l-hfC, A 1 NA'77711 12^6 5 0V,<Df$ 
MStML,, ^±Cp-GaAl InN)5^&-5 
3>^^hfl 13, p-InGaAl InNA^ftS 
^77F1114, Ga A 1 I nN^b^OT 1 1 
5, n - G a A 1 I nN^b/i^^7 7 KB 1 1 6 **JH 

*w$nt^o, Mftiz-f^^n^o h*. 
#88«F^ 11711 S i o 2 fr£>tez>m$tm±m, 1 1 
8,11 9tt&jB««s^ft-efts-r. 

[0 0 7 8] C<04*##U-tfTH p-^77Fil 
1 4 <^)±^ C n - ^ 7 7 HI 1 1 6 ^*M^n, 
FJf 1 1 4^<0**©ffi9&**IK±LT^£>. 

[0 0 7 9] B16B. 1t7T-f 7»«Srffl^fcte«)* 
*«IC«S*W«cl/--tf©**«lriEHT*a. *7r-f. 
7SS1 2 1J:I:> AlN/\ , 777ll2 2^6 5 0 ( C 
©JSfiflSTJBJBiJcSft. ^-C0±{c p-InGaAlN^ 
6^^3>^^M123, p-InGaAlN*6ft 
§^77FI124, InGaAlN^e»^OTl 
25, n- I nGaA 1 N*565?7y FB 1 2 6^ 

#jhwf# 127, 128 tt&araai-tn^nis 



- 8 - 



ftmW-6 - 3 2 6 4 1 6 



-f. 

[0 0 8 0] Z\<D*m#]s— tfTtt, p-InGaAl 
NI 1 2 4C0±^ICn- I nGaA 1 N 1 2 6m&Mf$. 
p - 1 nG a A 1 Nf 1 2 4 'v©*??!©!* 

[0 0 8 1] 11711 *77'f71«Sffll>fcIi:tt 

T'f TSffil 3 1 JilC, n-GaAl InN/b77i 
13 2£7gj>jcU f©±l:n-GaAI InNi^ftS 
^77FI133, 7>H-7"GaAl I nN4>645 
3B£J113 4. p-GaA 1 I nNi^ft597»; HH 
13 5*!»I»^Sn, -^©JilCn -G a A 1 InN* 
t>tZZ>mMM=?-m 1 3 6, p-GaA 1 InN*6ftS 
3>^9hI13 7 n, !f***J«$ 

n*. 0*. #H8?3Mtl 3 8, 1 3 9tt&JB««£-€-n 

[0 0 8 2] C<0^#flcU -+)*«. 0 5IC^T^aSrffi 
HT, H4CST^fl<fcEf*KLT«iftLfc. t#£n 

[0 0 8 3] B18H. *%H<att0$JKMlCffi«¥* 

fltU— t)*CD«M&«lfiJcglTJb-6. p-S i CfilSl 5 l_k 
IC. p-GaA 1 1 nN;^;77ll 5 2i>WtfL2ft. ■ 
-€-©_LlC p — G a A 1 I nN77->Hil 5 3*W3 
tl. ^(TihSZTy Y — ~fG a A 1 I nNf&fcJB 1 5 4*< 
JgJ53tS*l. MiC-?-co±tC. 1 Mm©S3©n — G a A 1 
I nN^-y KB 1 5 5 jWgfifc£ftTV>S. 0*. #H8 
U^15 6H S i 0 2 4 SfifcffilkJB. 15 7, 

1 5 sit^mmm^n^en^-r. 

[0 0 8 4] C«¥»fl£U-+fT?tt. SfitLTp-S 
[0 0 8 5] 

Ga A 1 I nNS^SlT^SS i C£1£© (111) ffiK 

^g-r^.^.fcic.fco. aME£A£n©jiM*9fKSc©£t> 

CGaA! I nNJl©fi)Eft*»?ri6t«:0, ^JStesfi^© 
»ttOEfl:«H*Ci««lU*. «*.«, «M££ttft?t* 

[0 0 8 6] Sfc. lfili:MSn«|<9itt«il| 

*>mfr&Mmmzma>L. «fc»©Ga, ai, in 



^^©SfcKatnJlJg.fcfca. , 

[0 0 8 7] pSJI^ffcgLfc&tCnSJJB^fiKg 
LT+Vyyi. #aijggTpSSa<7k^lc£<E>£ft& 

? ic lt p mm^e>7km<nw. o&%.nzfflm?z> z\ 

P^)f ©ffrS#nJ<££&.5>. SitLTpit 

[01] GaNt3C-S iCCMCMtiftfS 
112] S i cisgics iitcitstiifn 
[0 3] ■y-7T<-^*«±Jc<eSdtSLfcHSrfi:K>S 

[04] *3SW©— U— -if©** 

[05] S4»c^-r*»fltu— y&Kis-r^fcAtcffi 

ffl Lfzi%g;%imv>wt$.£Mf&mz^-rm. 

[0 6] '*«M©te©j|Jfi«lC«*LED©«t(S*«t 

BSMtCiSTBrffiB. 

[0 7] Lfe©?y:/*ttB$r-Xfc«»&A,£*t« 
Sr^t" K®0. 

[0 8] *3EH©te©^ffllCffiS¥*ttl'--1f©4lt 

[0 9] -*fEM©HK:te©«K«K:fiR*JW»flsU— tf 
©«fi£2r«lBSMIC^r»fffi0. 
[0 10] *«W©«©*Jfi«JC«**##U— !f© 

[0113 *«W©tt©*Jfi«JC«**»*U— tf© 

[012] *5SW©tt©*««K«**MWfri/— ■*© 
[Bi3] *5£wo>me>m:m&nz&z>¥m&u— tf© 

[0 14] *%a©tt©££flCff*¥H*#l'-- tf© 

[0 15] *36W©«©Stag«K:ff4*«M*:U— tf© 

«^$:«B&WlC^T»fS0. 

[016] *mncom<nmmMiz&z¥i&#\'— tf© 
[017] *%n©tt©nMMi=ffi«¥*#i,— -tr® 

£81B&&<J tS-TW SB. 
[0 18] 2fc5g^o(ft©g|iSfif!Uc«*^##U— tf© 

#^**»WK:sK-r>»rBffB. 

[«F**©R9J] 

1- 3C-S i C1I 

2— G a NA'y7 7l 
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[0 3] 



[0 7] 
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[0 9] 



[0 1 0] 
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zk-58 

-56 
"-55 
* —-54 
"-53 
"^52 
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65- 
64- [ 
63- 
62— 



6H 
66 
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-75 

74 
73 



'72 

'71 
-76 



[01 3] 



[0 12] 



y/f/////// / <q-88 
-87 
-86 



-85 
1-84 
-83 
-82 

.81 



9&~ 



V ' ' ' 



95- 



94- 



93--' 



92- 

91- 
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3-98 



[0 16] 



126 
125- 
124-4 
123 



I18 5 



^27 
^122 



'121 



- 11 - 



* 



- 3 2 6 4 1 6 



[017] 



> / j ; s / ; ; s ? / / ^1-— «38 



139 



AZ1 
-136 

J 35 
-134 
-133 

H32 

.131 



[0 18] 



I5B 
155 



•M54 
-153 



152 
151 
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